Introduction
Juvenile myoclonic epilepsy is genetic generalized epileptic (GGE) syndrome characterized by myoclonic seizures on awakening, GTCS and typical absences in one third of the patients. 1 Seizures are life-long in majority of the cases, but well controlled with adequate antiepileptic drugs in about 90% of the patients. JME is considered to be genetically determined syndrome. Although concordance analysis demonstrated that there is greater clustering within families of GGE syndrome, seizure type and age at onset that would be expected by chance, 2 the phenotypic heterogeneity is common: numerous studies revealed that about 40% of the families probands and relatives has JME only, the others have members with additional forms of GGE. 3, 4 Although the exact type of inheritance is currently not known, the rare family and genetic studies indicate rather contradictory modes: autosomal dominant, recessive, maternal or complex. 5, 6 In this study, we evaluate clinical features of probands with JME and phenotypes of affected members of their families in order to study clinical genetics of JME.
Materials and methods
We have evaluated all patients diagnosed with JME at the University Clinic for Neurology in Skopje between 2007 and 2014 for detailed family history, including the families that have at least one relative with seizure, apart from the proband. The diagnosis of JME in probands was established following the ILAE Classification and diagnostic Scheme. 7 More precisely, the diagnosis was determined by history, clinical features, EEG and MRI data. Detailed family history was obtained and all relevant investigations were performed to each family member with seizures willing to participate in the study. Relatives with definite seizures but insufficient clinical information were categorized with unclassified epilepsy. Pedigrees were constructed from the obtained data. Each
To evaluate clinical features of probands with juvenile myoclonic epilepsy (JME) and affected members of their families in order to study clinical genetics of JME.
Method: Thirteen unrelated families with at least two members with history of seizures were identified; clinical and genealogic data were collected from JME probands and family members.
Results: All probands had myoclonic and generalized tonic-clonic seizures (GTCS), while absences occurred in 25% of them. The average age of seizure onset was 13 years. Totally 22 members from 13 families had history of seizures with average age of seizure onset at 18 years. Ten family members had JME, three had epilepsy with GTCS, two had juvenile absence epilepsy, one had adult onset myoclonic epilepsy and six of the affected individuals had unclassified type of epilepsy. In five families, JME was the solely clinical feature. JME dominated among siblings, while phenotypic heterogeneity was observed in second and third degree relatives. In three multi-generation families, members with adult onset genetic generalized epilepsies (GGE) were identified. Conclusion: We found phenotypic heterogeneity regarding epilepsy type and age of seizure onset. Using pedigree analysis, we found no evidence for preferential maternal or any other distinctive inheritance pattern. Further study is needed to confirm and clarify the results. ß 2014 British Epilepsy Association. Published by Elsevier Ltd. All rights reserved.
study subject or one of the parents of the subject, if they did not reach a legal age, signed an informed consent and the ethical committee at Medical Faculty approved this study.
Gender difference between frequencies of probands and relatives was analyzed by Chi-square using SPSS software. A p-value less than 0.05 were considered statistically significant. Fig. 1 . Pedigrees of the 13 families. Abbreviations: JME, juvenile myoclonic epilepsy; JAE, juvenile absence epilepsy; AME, adult-onset myoclonic epilepsy; GTCS, generalized tonic-clonic seizures only; u.c., unclassified type of epilepsy.
Results and discussion
In this study, we analyzed 13 families with JME probands and a total of 22 relatives with seizures (Fig. 1) . Demographic data and clinical characteristics of probands with JME and relatives with history of seizures are shown in Table 1 . In all families, nine affected members were first-degree relatives, 10 second-degree and three distant relatives. Although female patients were three times more frequent than male ones among probands, we found no statistical significance (Chi-square = 1.15; p > 0.05). Pretreatment EEG in all JME probands showed typical 4-6 Hz bilateral polyspike wave discharges, photoparoximal response (PPR) was recorded in 54%, while eye closure sensitivity (ECS) in 46% of them. EEG was not analyzed in six family members. Ten (62%) of the remaining 16 relatives had spike wave and polyspike wave traits, PPR was found in three and ECS in two of them. Six family members had normal EEG (all with treatment). The average age of seizure onset was 13 years in proband's group and 18 years in affected family members group. In three families we identified members with adult onset GGE (epilepsy with GTCS only, adult myoclonic epilepsy and unclassified type of epilepsy). GGE syndromes usually start in childhood and adolescence, although a number of studies suggest that adult onset is more common than generally realized. 8, 9 Although childhood or juvenile onset is emphasized, the international classification does not define age of onset as a limit for GGE subsyndromes. Three families were multiplex and 10 were multiplex/multi-generation. In three families neither parent nor relative on either side of the families had history of seizures. Our pedigree analysis does not support preferential maternal inheritance, contrary to Pal et al. 5 . In five families, JME was the sole clinical feature, in others there were members with other forms of GGE or unclassified types of seizures. The accurate syndromic diagnosis could not be established in six relatives. JME dominated among siblings, while phenotypic heterogeneity was observed among subjects from different generations as well as in second and third degree relatives. Actually, different epileptic syndromes such as childhood absence epilepsy (CAE), juvenile absence epilepsy (JAE), or generalized tonic-clonic seizures only (GTCS) may be observed in members of the same family, thus suggesting that they are genetically related to JME and that the genetic alterations responsible for JME may also underlie these non-JME forms of GGEs. 2, 4 In three multigenerational families parents had adult onset GGE, while in children an earlier age of seizure onset was observed. Larger study group is needed to clarify the possible explanation. 10 
Conclusion
In this study on 13 families with JME probands, we found phenotypic heterogeneity regarding epilepsy type and age of seizure onset. Using pedigree analysis, we found no evidence for preferential maternal or any other distinctive inheritance pattern. However, given the relatively small number of investigated patients, further study is needed to confirm and clarify the results. 
